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PREFACE. 

Considerable  inconvenience  has  arisen  in  the  past  owing  to 
the  existence  of  a  certain  amount  ot  ambiguity  in  regard  to  the 
methods  of  specifying  the  resistance  of  conductor  rails. 

The  question  was  brought  officially  to  the  notice  of  the 
Engineering  Standards  Committee  in  March,  19 13,  and  it  was 
suggested  that  a  Conference  .should  be  called  with  a  view  of 
endeavouring  to  arrive  at  some  general  agreement  as  to  the  method 
to  be  employed  in  the  future. 

After  some  preliminary  correspondence  a  Conference  was  held 
of  those  interested,  at  which  a  satisfactory  solution  was  reached. 
It  is  therefore  hoped  that  the  recommendations  contained  in  the 
present  Report,  which  embody  the  results  of  that  Conference, 
will  be  generally  adopted  and  thus  tend  to  eliminate  misunder- 
standings in  dealing  with  steel  conductor  rails. 

In  the  Tables  and  Formulae  the  figures  are  usually  given 
only  to  three  figures.  Care  has  been  taken,  however,  in  rounding 
up  the  results  to  see  that  no  error  as  great  as  o'i%  has  been 
introduced  and  the  various  formula;  will  be  found  to  be  consistent 
to  within  this  limit. 

This  Report  was  adopted  by  the  Sectional  Electrical  Com- 
mittee at  their  meeting  held  on  June  12th,   1914. 

This  Report  was  approved  by  the  Main  Committee  at  their 
meeting  held  on  July  i6th,  19 14. 


R.    T.    GLAZEBROOK, 

Chainnan  of  Conference  on  Sled  Condtulor  Kails. 
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BRITISH    STANDARD    METHOD    OF    SPECIFYING    THE 
RESISTANCE    OF    STEEL    CONDUCTOR    RAILS. 

Introductory  Remarks. 

It  has  been  usual  in  the  past  to  .specify  the  resistance  of  steel 
conductor  rails  in  terms  of  that  of  a  copper  rail.  The  method  has,  5 
however,  given  rise  to  some  ambiguity.  The  two  rails  are  assumed 
to  be  of  the  same  length  but  it  has  not  always  been  quite  clear 
whether  they  were  to  be  also  of  the  same  weight  or  of  the  same 
volume.  In  the  first  case  a  comparison  was  made  of  the  mass 
resistivities  of  steel  and  copper  ;  in  the  second  the  comparison  was  10 
between  the  volume  resistivities.  The  two  results  differ,  and 
difficulties  have  arisen  from  the  uncertainty  which  has  ensued. 

Electrical  Resistance  is  now  measured  in  ohms  or  fractions  or 
multiples  of  an  ohm,  and  it  has  seemed  desirable  to  specify  a  method 
of  measuring  the  resistance  of  a  conductor  rail  in  these  units.  15 

It  is  clear  that  a  given  length  of  rail  must  be  taken,  and  for  this 
length  one  yard  has  been  chosen.  The  resistance  might  be  expressed 
simply  in  ohms  per  yard,  but  this  would  not  allow  of  a  ready 
comparison  between  the  resistances  of  two  rails  of  different  sectional 
areas  or  of  different  weights  to  the  yard.  With  a  view,  then,  of  20 
permitting  this  comparison,  it  becomes  necessary  to  express  the 
results  as  the  resistance  of  a  rail  of  some  standard  dimensions,  and 
for  this  purpose  a  rail  weighing  100  lbs.  to  the  yard  has  been 
selected. 

Rails  are  bought  and  sold  by  weight  and   classified    by   the  25 
number    of    pounds   per   yard,  and  it  is,    in    consequence,    more 
convenient  to  define  the  standard  dimensions  in  terms  of  length  and 
weight  per  yard  rather  than  in  terms  of  length  and  sectional  area. 

British    Standard   Method   of   Specifying   the  Resistance. 

In  specifying  the  resistance  of  a  steel  conductor  rail  the  value   30 
shall  be  given  in  microhms  (millionths  of  an  ohm)  and    shall    be 
expressed  as  the  resistance  in  microhms  at  a  temperature  of  60°  F. 
(i5°'6  C.)  of  a  rail  of  the  same  material  as  the  conductor  rail  in 
question  having  a  length  of  one  yard  and  a  weight  of  100  lbs. 

Resistance   of  a    Rail   wreighing    YT   lbs.   per   Yard.  35 

It  follows  from  the  above  that  if  the  resistance  of  a  rail  weighing 
100  lbs.  to  the   yard   be  Rs   microhms,  that  of  a  rail  of  the  same 

100  Rs 

material  weighing  VV  lbs.  to  the  yard  will  be  — ttt —     microhms. 
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Conversely,  if  the  resistance  of  a  rail  i  yard  in  length  weighing 
W  lbs.  to  the  yard  be  Rw  microhms,  that  of  the  corresponding  loo  lbs. 

W  R 
rail  will  be ^  microhms. 

ICO 

In  either  case  we  have  the  relation  ^ 

loo  Rs  =  W,  R,v. 

Temperature  Coefficient  of  Conductor  Rails. 

For  the  purpose  of  reducing  observations  made  at  temperatures 
other  than  60°  F.,  to  the  standard  temperature,  a  mean  coefficient  of 
increase  of  resistance   with   temperature  of  0*26  per  cent,  per  1°  F. 
(o"47    per   cent,    per    1°    C.)    shall  be    employed   unless    otherwise   10 
specified. 

Where  greater  accuracy  than  this  is  required  for  a  wide  range 
of  temperature  the  temperature  coefficient  of  the  actual  piece  of  rail 
should  be  determined. 

Note. — The  temperature  coefficient  of  the  conductor  rails  tested  at  the  15 
National  Physical  Laboratory  for  the  purpose  of  this  Report  varied  from  0*28  per 
cent,  per  1°  F.  (o"5i  per  cent,  per  1°  C.)  for  a  rail  I5'9  microhms  per  100  lb. 
yard  to  0'24  per  cent,  per  1°  F.  (0-43  per  cent  per  1°  C.)  for  a  rail  20*5  microhms 
per  100  ib.  yard.  Therefore  taking  the  extreme  ca^e  of  a  rail  of  16  microhms 
per  100  Ib.  yard  tested  at  40°  F.  (4^-5  C.)  or  So°  F.  (27^  C.)  the  use  of  the  mean  2O 
temperature  coefficient  may  introduce  an  error  of  +  0"6  per  cent.  For  a  smaller 
range  of  temperature  the  error  would  be  proportionately  less. 

Reduction  Factors. 

Reduction   factors  for   converting  the  resistance  of  a  rail    of 
known  weight  measured  at  a  given  temperature  to  its  value  in  terms   25 
of  the  Standard  (microhms  per  100  lb.  yard  at  60°  F.)  are  given  in 
Tables  L  and  II. 

To  express  the  resistance  of  a  rail  of  known  weight,  as  found 
by  observation  at  any  temperature,  in  terms  of  the  Standard  value 
(microhms  per  100  lbs.  yard  at  60°  F.),  multiply  the  observed  resist-  30 
ance  expres.sed  in  microhms  per  yard  by  the  factor  given  in  the 
Table  appropriate  to  the  weight  of  the  rail  in  lbs.  per  yard  and  to 
the  temperature  at  which  the  observation  is  made. 
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Note. — Where  the  weight  of  the  rail  in  lbs.  per  yard  differs 
from  the  specified  weight  by  an  appreciable  amount  a  correction 
should  be  made.  The  result  found  from  the  Table  by  the  use  of 
the  specified  weight  should  be  multiplied  by  the  ratio  of  the  actual 
weight  to  the  specified  weight,  e.o-.^  in  the  case  of  an  80  lb.-  rail 
which  is  actually  found  to  weigh   81   lbs.  per   yard,    the    observed 

8  r 

resistance   should   be   multiplied  by  — -  before   applying  the   factor 

80 

given  in  the  Table  which  corresponds  to  an  80  lb.  rail  at   the  actual 

temperature  of  the  observation. 


APPENDIX     I.  10 

In  order  that  previous  values  for  the  resistance  of  rails  in  terms 
of  copper,  usually  expressed  either  as  "  Relative  Mass  Resistivity," 
"Relative  Volume  Resistivity,"  or  as  a  "Relative  percentage 
Conductivity "  may  be  readily  reduced  to  values  in  terms  of  the 
Standard  Method,  the  following  reduction  formulcc  have  been  15 
prepared  : — 

REDUCTION     FORMUL/E. 
Resistivity  and  Conductivity  in  terms  of  Standard  Copper. 

The  resistivity  of  a  rail  in  terms  of  Standard  copper  is  found 
from  that  in  microhms  per  100  lb.  yard  by  the  following  formulae  : —   20 

Relative  Mass  Resistivity  =  0-360  (microhms  per  100  lb. 
yard). 

Relative  Volume  Resistivity  =  0-408  (microhms  per  100  lb 
yard). 

Or,  inverting  these  formulas  : —  25 

Microhms  =2-778  (Relative    Mass    Resistivity), 

per   100  lb.  yard  ' '      ^ 

=   2 '45  (Relative  Volume  Resistivity). 

The  Relative  percentage  Conductivity  of  a  rail  in  terms  of 
Standard  copper  is  found  from  the  resistance  in  microhms  per  100  lb. 
yard  by  the  following  formulae  : —  30 

Relative  percentage  Mass  Conductivity  =  ^-^^^^^^  pg/ioo  lb.  yard. 

Relative  percentage  Volume  Conductivity  =  „,i,,„h,-„,  pe^^oo  lb.  yard. 

and  inversely  :  —  35 

277-8 

Microhms  per  1 00  lb.  yard  =  „-—,—. : vr        ^-^  ^4    \^  ., 

'  ^  Relative  percentage  Mass    Conductivity. 

Microhms  per  100  lb.  yard  =  ,,   .  ,. r ^ir-^ 7^ — j — r=~T~ 

^  '  Relative  percentage  Volume  Conductivity. 
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Thus  a  rail  having  a  resistance   of  i8*o   microhms  per    loo   lb. 

yard  will   have  a  Relative   Mass    Resistivity   in    terms  of  Standard 

copper  of  i8   X   o"36o  or  6"48,  and  a  Relative  Volume  Resistivity  of 

1 8   X   o'4c8  or  7 '34.     The  Relative  percentage   Mass  Conductivity 

277"8 
of  the  same  rail  would  be  — ^  =   i5'43  per  cent,  and  the  Relative     5 

percentage  Volume  Conductivity  — ^  =   i3'6  per  cent. 

In  accordance  with  the  International  Standard  of  Resistance 
for  Copper*  it  is  here  assumed  that  the  resistance  of  a  copper  wire 
I  metre  in  length  weighing  i  gramme  is  o"  15065  ohms  at  a 
temperature  of  60°  F.  (15° '6  C).  10 

For  the  purposes  of  the  above  calculations,  the  following 
densities  have  been  adopted  : — 

Density  of  Steel  =  7*84  grammes  per  cubic  centimetre. 
:=  4S9"4  lbs.  per  cubic  foot. 

Density  of  Copper  =  8*89  grammes  per  cubic  centimetre.         15 
=  555  lbs.  per  cubic  foot. 

Thus  the  ratio  of  the  density  of  copper  to  the  density  of 
steel  has  been  taken  as  i'i34.  It  should  be  noted,  however, 
that  conductor  rails  vary  appreciably  in  density,  and  it  may  be 
necessary  in  certain  cases  to  correct  for  this  fact.  20 

Resistance  per  yard  of  a  Rail  1  square  inch  in  area  of  cross-section. 

According  to  the  above  figures,  the  area  of  the  cross-section 
of  a  100  lb.  steel  rail  is  9"8i  square  inches.  Hence,  if  R  be  the 
resistance  of  a  rail  in  microhms  per  100  lb.  yard,  that  of  a  rail  of  the 
same  material  i  yard  long  x  square  inch  in  area  is  9  "81   x  R.        25 

Taking,  as  before,  as  an  example  a  rail  having  a  resistance 
of  18  microhms  per  100  lb.  yard,  that  of  a  rail  of  the  same 
material  i  square  inch  in  sectional  area  is  18  x  9-81  or  176 "6 
microhms. 

Resistance  in  Metric  Units.  30 

The  following  formulae  serve  to  connect  the  values  for  the 
resistance  of  steel  rails  in   British  and  Metric  Units  : — 

Microhms  per  metre-kilogramme 

=  542  X  microhms  per  100  lb.  yard. 

Microhms  per  metre  sq.  cm.  35 

=  69*2  X  microhms  per  too  lb.  yard. 

*  Adopted  hy  the  International  Eledrotechnical  Commission  at  Berlin,  September, 
1913  [see  Publication  28  of  the  l.E.C.) 
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Thus,    for    a    rail    having    a    resistance    of    18    microhms   per 
100  lb.  yard,  we  find  :  — 

Resistance  of  i   metre  weighing  i  kilogramme 

=  976  microhms. 
Resistance  of  i   metre   i   sq.  cm.  in  section  5 

=  1,246  microhms. 

Note. — The  following   figures  for  Copper  and  for  Steel   may 
be  of  service  : — 

Copper. 

Standard  Annealed  Copper  at  20°  C.  10 

International     Standard     Resistance    per    Metre    gramme  = 

o'i5328...ohm. 

Standard    Annealed    Copper    at    60°  F.  (is^'fi  C.)  calculated 

from  the  International  Standard. 

100  lb.  yard — Area  of  cross  section       ...  8"65  sq.  ins.  15 

Resistance  per  metre  gramme     ...  ...  o"i5o65  ohm. 

ditto  100  lb.  yard        ...  ...  2777  microhms. 

ditto  centimetre  cube  ..  ...  i'694         ,, 

ditto  inch  cube  ...  ...  o'667         ,, 

ditto  I  yard,  i  sq.  in.  section...  24'oi  ,,  20 

Steel. 

100  lb.  yard — Area  of  cross  section  =  9'8i  sq.  ins.     Taking  a 
rail  having  a  resistance  of  18  microhms  per  100  lb.  j'ard — 

Resistance  per  cm.  cube  = ^=  12 "46  microhms. 

36  25 

■      ,1  18  X  Q-8i    .  .        V 

,,  „    inch  cube  = ^ =4-90  microhms. 

36 
I  yard,   i  sq.  in.  section  =  18  x  9-81=  ijG-G  microhms. 

APPENDIX    II. 

(a)  Observations  on  a  large  number  of  flat  bottom  conductor  30 
rails,  carried  out  at  the  National  Physical  Laboratory,  have  shown 
that  the  resistance  of  rails  now  in  use,  measured  as  specified  in  this 
Report,  ranges  between  15  and  19*5  microhms:  the  mean  value 
obtained  for  44  .samples  was  i8*o  microhms.  In  the  case  of  a 
number  of  specially  hard  rails  of  T  section,  the  values  found  for  14  35 
samples  varied  from  i9'8  to  20*5  microhms,  the  mean  being  20*2 
microhms. 

(i/)  The  following  Table  gives  the  relation  between  the  resist- 
ance    temperature    coefficient,  and    composition   of  some   samples 
tested    at    the    National    Physical    Laboratory   for    the    purpose    of  ^q 
this  Report : — 
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